Objective: The phenotype of resistant hypertension in patients with type 2 diabetes has been poorly characterized. This cross-sectional analysis of the large cohort from the Renal Insufficiency and Cardiovascular Events (RIACE) study was aimed at assessing the clinical correlates and association with complications of resistant hypertension in patients with type 2 diabetes. (NRH)], that is on target with one (n ¼ 1569), two (n ¼ 1369), and three (n ¼ 803) drugs, and individuals with uncontrolled hypertension, that is untreated or not on target with less than three drugs (n ¼ 7440), served as controls.
INTRODUCTION
R esistant hypertension is defined as blood pressure (BP) that remains above goal in spite of the concurrent use of three antihypertensive agents of different classes at optimal dose amounts, one of which should ideally be a diuretic [1] .
Resistant hypertension is often overdiagnosed by including patients with 'apparent or pseudo-resistant hypertension', that is those with 'white-coat' hypertension, nonadherence to medications, inappropriately prescribed antihypertensive regimen and incorrect BP measurement due to cuff-related artifacts. However, resistant hypertension is also frequently underdiagnosed because of exclusion of patients with uncontrolled hypertension, that is those untreated or receiving two drugs or less, that comprise patients who would fail to achieve BP goal if treated with three drugs [2, 3] . Data from the National Health and Nutrition Examination Survey (NHANES) and the Framingham Heart Study showed that only 53 and 48%, respectively, of treated individuals were controlled to less than 140/90 mmHg [4, 5] .
As a consequence, the real prevalence of 'true resistant hypertension ' is unknown, with huge differences between observational studies and intervention trials. In fact, an analysis of the NHANES from 2003 through 2008 showed that 8.9% of patients with hypertension and 12.8% of those on antihypertensive treatment met the criteria for resistant hypertension [6] , and comparison of three time periods revealed an alarmingly increasing prevalence of resistant hypertension [7] . Data from the NHANES are consistent with those from a large Spanish database, in which 37.5% of patients who met criteria for resistant hypertension had 'white-coat' hypertension on the basis of ambulatory BP monitoring [8] . In contrast, prevalence values of 25-30% were observed in randomized controlled trials [9] [10] [11] , mainly due to forced titrated treatment, which reduces the number of patients with uncontrolled hypertension, though likelihood to achieve BP goal is diminished by restricted use of specific medication combinations.
The clinical features of patients with resistant hypertension include older age, female sex, and Afro-American ethnicity [6, 12] . Moreover, these individuals have higher prevalence of target organ damage, cardiovascular disease (CVD) and chronic kidney disease (CKD), and are more frequently obese and diabetic [1] [2] [3] 6, 13, 14] . Several pathophysiologic links may justify the association between resistant hypertension and diabetes; among others, excess aldosterone impairs insulin signaling thus leading to insulin resistance [15, 16] . However, so far, no study has addressed the prevalence and clinical features of resistant hypertension in large samples of diabetic individuals.
This prespecified analysis of the cohort from the Renal Insufficiency and Cardiovascular Events (RIACE) Italian Multicenter Study was aimed at assessing the independent correlates of resistant hypertension and the association of this condition with long-term complications in patients with type 2 diabetes.
METHODS

Study cohort
For this analysis, we used the baseline data from the RIACE Italian Multicenter Study (registered with Clinical Trials.gov; URL: http://www.clinicaltrials.gov/ct2/show/ NCT00715481), an observational, prospective cohort study on the impact of estimated glomerular filtration rate (eGFR) on CVD morbidity and mortality in type 2 diabetes. The study protocol was approved by the locally appointed ethics boards.
The RIACE cohort consisted of 15 933 Caucasian patients with type 2 diabetes consecutively attending 19 hospitalbased Diabetes Clinics of the National Health Service throughout Italy between 2007 and 2008 who were initially recruited. Exclusion criteria were dialysis or renal transplantation. Quality and completeness of data were controlled and 160 patients were excluded due to implausible or missing values, and the remaining 15 773 patients were subsequently analyzed.
Measurements
The following data were recorded by a structured interview: age, smoking status, known diabetes duration, current antihyperglycaemic, antihypertensive and lipidlowering treatment.
Body weight and height were measured and BMI was calculated from them. BP was measured manually using a mercury sphygmomanometer. Two consecutive readings were taken 10 min apart with the patients seated with the arm at the heart level and the cuff correctly placed on the arm circumference. Standard adult cuffs were used (9-13 inches), except for severely obese patients, in whom large cuffs (13-17 inches) were employed. Waist circumference was measured in 4618 patients and predicted from BMI in the remaining 11 155 individuals using sex-specific linear regression equations [17] .
Hemoglobin A 1c (HbA 1c ) was measured by HPLC Diabetes Control and Complications Trial (DCCT)-aligned methods; triglycerides, total and high-density lipoprotein (HDL) cholesterol were determined by standard analytical methods; low-density lipoprotein (LDL) cholesterol was calculated by the Friedewald formula.
The presence of CKD was assessed by measuring albuminuria and serum creatinine. As previously reported in detail [18] , albumin excretion rate (AER) was obtained from 24-h urine collections or calculated from albumin/creatinine ratio in first-morning urine samples, in the absence of interfering clinical conditions. Albuminuria was measured in one-to-three fresh urine samples for each patient by immunonephelometry or immunoturbidimetry, and, in case of multiple measurements, the geometric mean was used for analysis. In patients with multiple measurements (4062 with at least two and 2310 with three values), concordance rate between the first value and the geometric mean was above 90% for all classes of albuminuria [19] . Serum (and urine) creatinine was measured by the modified Jaffe method. One-to-three measurements were obtained for each patients and eGFR was calculated by the four-variable Modification of Diet in Renal Disease study equation, using the mean serum creatinine value in case of multiple measures [18] .
The presence of diabetic retinopathy was assessed by an expert ophthalmologist by dilated fundoscopy [20] .
Prevalent CVD was assessed from medical history by recording previous major acute CVD events, which were adjudicated based on hospital discharge records by an ad hoc committee in each center [18] .
Categorization of patients
Resistant hypertension was defined as SBP and/or DBP values not on target (i.e. >130 and/or 80 mmHg, respectively) in patients on three antihypertensive agents (n ¼ 2363) [ [21] . Using these goals, 3183 patients (20.2%) were normotensive, 1925 (12.2%) had resistant hypertension, 2477 (15.7%) were NRH1, 2138 (13.6%) were NRH2, 1241 (7.9%) were NRH3, and 4809 (30.5%) had uncontrolled hypertension. However, data were collected several years ago from patients treated according to more stringent goals which likely required a higher number of drugs to be achieved. For this reason, the primary analyses were conducted using the previous BP targets.
Patients were then assigned to one of the following categories of albuminuria (mg/24 h): normoalbuminuria (AER <30), microalbuminuria (AER 30-299), or macroalbuminuria (AER >300). In addition, normoalbuminuric patients were further classified as having normal (AER <10) or low albuminuria (AER <10-29). Patients were assigned to one of the following categories of eGFR (ml/min per 1.73 m 2 ): 1 (>90); 2 (60-89); 3 (30-59); 4 (15-29); and 5 (<15). Finally, patients were classified as having no CKD or CKD stages 1-5, according to the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative [22] . Patients assigned to CKD stages (and GFR classes) 4 and 5 were pooled together. As previously reported [18] , CKD patients were further classified as having one of the following CKD phenotypes: albuminuria alone (stages 1-2 CKD), reduced eGFR alone (stage >3 CKD without albuminuria), or both (stage >3 CKD with albuminuria).
Patients were classified into absent diabetic retinopathy, mild, moderate or severe nonproliferative diabetic retinopathy (NPDR), proliferative diabetic retinopathy (PDR), or maculopathy, according to the Global Diabetic Retinopathy Project Group [23] . For further analysis, patients with mild or moderate NPDR were classified as having nonadvanced diabetic retinopathy, whereas those with severe NPDR, PDR, or maculopathy were grouped into the advanced, sight-threatening diabetic retinopathy category. Diabetic retinopathy grade was assigned based on the worst eye [20] .
Previous major acute CVD events were classified as either myocardial infarction, stroke, and foot ulcer/ gangrene/amputation, or coronary, cerebrovascular, and peripheral events by including also coronary, carotid, and lower limb revascularization, respectively [16] .
Statistical analysis
Data are reported as mean AE SD for continuous variables and n (%) for categorical variables.
Comparisons between groups were performed using the analysis of variance (ANOVA) one-way test for parametric (post-hoc analysis by the Scheffe's test) or the corresponding Kruskal-Wallis test (post-hoc analysis by the Mann-Whitney U test) for nonparametric continuous variables, and the chi-square test for categorical variables.
Logistic regression analyses with backward variable selection (probability for removal >0.10) were performed to assess independent correlates of resistant hypertension versus NRH or uncontrolled hypertension. Covariates were age, sex, smoking habits, diabetes duration, HbA 1c , BMI, waist circumference, triglycerides, total and HDL cholesterol, and eventually SBP and DBP in model 1, and CKD (albuminuria and eGFR categories or CKD phenotypes) and diabetic retinopathy in model 2, and CVD in model 3. Results of these analyses were expressed as odd ratios (ORs) with their 95% confidence interval (CI).
All P values were two-sided, and a P value less than 0.05 was considered statistically significant. Statistical analyses were performed using SPSS version 13.0 (SPSS Inc., Chicago, Illinois, USA).
RESULTS
In the whole RIACE cohort, 14.1% of the patients were normotensive, whereas 15.0% (17.4% of all hypertensive individuals and 21.2% of treated hypertensive patients) fulfilled the criteria for resistant hypertension, 23.7% had NRH, and 47.2% had uncontrolled hypertension. Prevalence of resistant hypertension was approximately double in patients with than in those without any CKD, whereas that of uncontrolled hypertension was higher in patients without CKD (Fig. 1 ). Of patients with resistant hypertension, 1426 (60.35%), 778 (32.92%), 137 (5.80%) and 22 (0.93%) were on three, four, five and six antihypertensive agents, respectively; moreover, 2057 (87.05%) were not on target for SBP and/or DBP, whereas 306 (12.95%) were on target with at least four drugs. Since most (88.4%), but not all, resistant hypertension patients were on a diuretic, these figures would be slightly lower if diuretic treatment is used as an additional criterion for resistant hypertension definition (13.2% of the cohort, 15.4% of hypertensive patients, and 18.7% of treated hypertensive patients), whereas using the new ESH/ESC criteria the number of resistant hypertension patients falls to 1925 (12.2% of the cohort, 14.2% of hypertensive patients, and 17.3% of treated hypertensive patients).
Clinical characteristics of patients are shown in Table 1 . As compared with NRH and uncontrolled hypertension patients, patients with resistant hypertension were older, less frequently men and, except when compared with NRH3, more former versus current smokers. Moreover, they had significantly higher diabetes duration (versus NRH1 and uncontrolled hypertension only), BMI (except versus NRH3), waist circumference, triglycerides (versus NRH1 and uncontrolled hypertension only), albuminuria, and serum creatinine, and lower eGFR. As compared with patients with uncontrolled hypertension, resistant hypertension patients had also lower total, HDL, LDL and non-HDL cholesterol, and diastolic and mean BP levels, whereas SBP was similar and pulse pressure was higher. Finally, patients with resistant hypertension were on a more aggressive pharmacological treatment than those with NRH (except NRH3) or uncontrolled hypertension, as shown by the higher percentage of patients on insulin (both alone
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or combined with oral agents) and lipid-lowering agents. As compared with NRH3 individuals, resistant hypertension patients were more often on blockers of the renin-angiotensin system (especially angiotensinconverting enzyme inhibitors), diuretics (particularly thiazides), dihydropyridine calcium channel blockers and a-blockers. Table 2 shows the prevalence of micro and macrovascular complications in the RIACE cohort stratified as indicated above. As compared with NRH and uncontrolled hypertension patients, patients with resistant hypertension had higher prevalence of advanced diabetic retinopathy, and microalbuminuria and macroalbuminuria (and also of low albuminuria versus uncontrolled hypertension). As a consequence, prevalence of both any diabetic retinopathy and any CKD (especially stage !3 with and without albuminuria) was higher in resistant hypertension than in NRH or uncontrolled hypertension patients. Prevalence of any CVD, myocardial infarction and any coronary event was significantly higher in resistant hypertension versus NRH patients as a group (35.4 versus 30.4%, 19.4 versus 16.9%, and 25.2 versus 22.3%; P<0.0001, P ¼ 0.012, and P < 0.0001, respectively), but not when NRH patients were stratified by number of antihypertensive drugs. In fact, values were similar between resistant hypertension and NRH2 patients, and lower in resistant hypertension than in NRH3 patients. Interestingly, resistant hypertension patients who were also not on target had a much lower prevalence of CVD than those on target (34.0 versus 44.4%; P < 0.0001), again due to a lower prevalence of myocardial infarction (17.9 versus 29.4%; P < 0.0001) and any coronary event (23.3 versus 37.6%; P < 0.0001). Conversely, frequency of CVD, either total or by vascular bed, was significantly higher in resistant hypertension than in uncontrolled hypertension patients.
In regression models investigating the independent correlates of resistant hypertension versus NRH, age, female sex, former smoking status, diabetes duration, waist circumference and triglycerides entered in model 1; the same variables (except diabetes duration) and advanced diabetic retinopathy, low to macroalbuminuria, eGFR below 60 ml/ min per 1.73 m 2 , and, to a lesser extent, CKD stage at least 3 (not shown) entered in model 2; and CVD entered in model 3 at borderline significance ( Table 3 ). The independent correlates of CVD were similar in resistant hypertension and NRH individuals except for male sex, which was associated only with NRH, and waist circumference, nonadvanced retinopathy, and albuminuria, which were associated only with resistant hypertension, consistent with the relation of resistant hypertension with female sex, adiposity, and microvascular complications. Interestingly, when SBP and DBP were included as covariates, association with advanced retinopathy was of borderline significance (OR 1.311, 95% CI 1.003-1.712, P ¼ 0.047) and that with CVD became significant (OR 1.524, 95% CI 1.275-1.821, P < 0.0001), whereas albuminuria did not enter in the regression model (not shown).
When such analysis was repeated in patients with and without CKD, age, diabetes duration, waist circumference, and microvascular disease (low to macroalbuminuria, GFR <90 ml/min per 1.73 m 2 and advanced diabetic retinopathy), but not CVD, were independent correlates of resistant hypertension in patients with CKD (Supplemental Table 1 , http://links.lww.com/HJH/A395), whereas age, female sex, waist circumference and low albuminuria, but not eGFR 60-89 ml/min per 1.73 m 2 and CVD, were associated with resistant hypertension in those without any CKD (Supplemental Table 2 retinopathy and albuminuria were excluded from regression, whereas CVD was significantly associated with resistant hypertension in both patients with (OR 1.372, 95% CI 1.084-1.736, P ¼ 0.009) and without (OR 1.712, 95% CI 1.307-2.242, P < 0.0001) CKD. Logistic regression analysis comparing resistant hypertension and uncontrolled hypertension patients confirmed results of comparison between resistant hypertension and NRH patients, except that, in model 2, eGFR 60-89 ml/min per 1.73 m 2 also correlated with resistant hypertension and particularly, in model 3, CVD was strongly associated with resistant hypertension (Supplemental Table 3 , http:// links.lww.com/HJH/A395). However, association with micro and macrovascular complications did not change JH-D-14-00198 depending on whether BP values were included (Supplemental Table 3 , http://links.lww.com/HJH/A395) or not included (not shown) in the regression models.
Results did not change when only the subset of resistant hypertension patients receiving a diuretic was analyzed (data not shown). Conversely, when analyses were conducted using the current BP targets, the association of resistant hypertension with CVD became significant, whereas that with age, female sex, waist circumference, triglycerides, advanced diabetic retinopathy and measures of CKD was maintained (Table 4) .
DISCUSSION
Compared with data from the general population or hypertensive individuals [6, 8, 12, 13] , a high frequency of resistant hypertension was observed in the RIACE cohort of patients with type 2 diabetes, though true prevalence values could not be derived from our analysis. Our finding is consistent with the high percentage of diabetic patients detected among resistant hypertension individuals, ranging from 18 to 35% [6, 8, 12, 13] . Also the relation with age, sex and waist circumference confirms previous findings from samples from the general population or hypertensive patients [6, 8, 12, 13] . In particular, the association between resistant hypertension and waist circumference is consistent with the hypothesis that adipocytes produce an as-yet unidentified mineralocorticoid-releasing factor that stimulates adrenal production of aldosterone, which in turn is associated with insulin resistance, the metabolic syndrome, and type 2 diabetes, as well as with resistant hypertension and related CVD and CKD risk [24] .
The most relevant finding of our stu (UH) dy is the diverging relationship of resistant hypertension with micro and macrovascular complications. In fact, patients with resistant hypertension had higher albuminuria, lower eGFR and higher prevalence of any CKD and advanced diabetic retinopathy than NRH patients. Moreover, these variables were independently associated with resistant hypertension versus NRH, and resistant hypertension was twice more prevalent in patients with than in those without CKD. This is the first evidence on an association between diabetic retinopathy and resistant hypertension, though it is in keeping with the high frequency of retinal lesions in nondiabetic patients with resistant hypertension [14] . Conversely, renal data are consistent with the long recognized relationship between resistant hypertension and CKD, the nature of which is likely bidirectional, with both resistant hypertension adversely impacting upon renal function [25] and CKD reducing response to antihypertensive treatment, due to sodium retention, and increased activity of the reninangiotensin and the sympathetic nervous systems [26] . In contrast, CVD data are at odds with cross-sectional [8] and longitudinal [27] analyses showing a higher prevalence and incidence of CVD in patients with than in those without resistant hypertension, as well as with evidence that eGFR reduction and/or albuminuria amplify CVD risk correlated to resistant hypertension in the general hypertensive 
<0.0001
Values are n (%). CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate. P values for comparison between groups using the chi-square test: Ã P < 0.001. ÃÃ P < 0.01. ÃÃÃ P < 0.05 versus RH. 
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population [28] . Indeed, a longitudinal retrospective survey did confirm a significantly higher rate of CVD events in patients with versus those without resistant hypertension (18.0 versus 13.5%), which, however, was largely driven by CKD, which was included in the composite CVD outcome [15] . Moreover, ambulatory, but not office BP was associated with CVD morbidity and mortality in patients with resistant hypertension, thus highlighting the confounding role of pseudo-resistant hypertension [8, 27] . Blood pressure levels might explain the deleterious effect of resistant hypertension on the kidney and the retina. In fact, in diabetic patients, high BP is associated with development and progression of CKD, and diabetic retinopathy and antihypertensive treatment is effective in reducing the burden from both complications [29] . Moreover, in a relatively small cohort of Japanese patients with type 2 diabetes, an increased frequency of hypertension requiring more drugs to be treated has been recently shown to be coupled with CKD progression [30] . This view is supported by the finding that association of microvascular complications with resistant hypertension became less strong or disappeared when adjusted for the higher BP levels of resistant hypertension patients. In addition, the higher prevalence of renal dysfunction and advanced retinal lesions in resistant hypertension versus NRH patients might be due to the higher pulse pressure values, which were shown to be associated with disease of small blood vessels in the kidney [31] and retina [32] . Conversely, the observation that, despite higher BP values, resistant hypertension was not associated with increased CVD risk versus NRH2 and NRH3 has no obvious explanation, though, in a crosssectional analysis, this paradoxical finding might be due to an 'indication effect', that is patients with CVD events were treated more effectively to achieve BP targets than those without. Another possible reason is that a significantly lower percentage of NRH patients were on a blocker of the renin-angiotensin system than resistant hypertension patients, thus being less protected from CVD [33] . In addition, NRH patients (and on-target resistant hypertension patients) could have been exposed to the detrimental effect of low BP levels on coronary circulation, according to recent randomized controlled studies and meta-analysis, showing an increased risk for coronary events in patients treated more aggressively to lower SBP below 120 mmHg [34, 35] , the so-called J-shaped risk curve [36] . That the J effect might explain the higher CVD prevalence detected in NRH2 and NRH3 than in resistant hypertension patients and, among resistant hypertension patients, in those on target than in those not on target, is supported by several lines of evidence. Firstly, the higher CVD prevalence in 
on-target patients was driven by coronary events; secondly, the percentage of patients with SBP 120 mmHg or less was high among NRH patients ($50%) and particularly among resistant hypertension patients on target with at least four drugs (60.5%); thirdly, CVD correlated strongly with resistant hypertension versus NRH when association was adjusted for the higher BP values of resistant hypertension patients; and, fourthly, the independent association of resistant hypertension versus NRH became significant for CVD when the analyses were conducted using the new BP targets. In fact, inclusion of patients with higher BP values (i.e. SBP 130-139 mmHg and DBP 80-84 mmHg) among the NRH patients, diluted the effect of low BP (which increased from $122/73 to $128/75 mmHg on average) on CVD, as shown by the lower prevalence of this complication. Finally, the finding that prevalence of all complications was much higher in resistant hypertension than in uncontrolled hypertension patients might reflect differences in the CVD risk profile and possibly in the accumulated BP burden due to differences in duration and severity of hypertension.
A major strength of this study is that this is the first analysis of resistant hypertension in a large cohort of contemporary patients with type 2 diabetes, well characterized for clinical features and status of long-term complications. Limitations include the lack of appropriate methods for identifying patients with pseudo-resistant hypertension, such as ambulatory BP monitoring and adherence assessment, and, as in other observational studies [4, 5] , the lack of forced titrated treatment, which resulted in a high prevalence of uncontrolled hypertension patients. Another limitation was the cross-sectional design of the study which did not allow to examine the impact of resistant hypertension on the development and progression of complications. Hopefully, the follow-up of the RIACE study would clarify whether and to what extent resistant hypertension is associated with morbidity and mortality from complications, particularly CVD, either per se or by virtue of increased BP levels.
In conclusion, this study shows that resistant hypertension is relatively common in patients with type 2 diabetes and identifies age, female sex and waist circumference as independent correlates of this hypertensive phenotype in diabetic patients. In addition, this analysis reveals a strong relation of resistant hypertension with microvascular complications, especially CKD, but not with CVD, though this finding needs to be confirmed by longitudinal studies.
